Abstract -The ecology of all bumblebees (Bombus spp.) is similar, yet some species have declined greatly while others remain abundant. We examine whether abundance is related to diet breadth. The floral visits of bumblebees were examined on Salisbury Plain, UK. All of the species examined gathered pollen mostly from Fabaceae. All species gathered nectar from a broader range of flowers than they did pollen, and longertongued bees had a narrower diet breadth when collecting nectar. B. hortorum (the species with the longest tongue) specialized on Trifolium pratense. As predicted, abundant species had a broader diet than rare species. Species with similar-length tongues visiting similar flowers. However, interspecific competition did not appear to be important since species with similar tongue lengths and high niche overlap co-occurred at high abundance. We suggest that the rare species may be those with short colony cycles, in which dependence on high quality food to rear larvae quickly forces specialization.
INTRODUCTION
Many bumblebee (Bombus) species have declined dramatically in recent decades, both in Europe and in North America (Peters, 1972; Williams, 1982 Williams, , 1986 Rasmont, 1995; Kosior, 1995; Buchmann and Nabhan, 1996; Westrich, 1996; Westrich et al., 1998) . Of the 25 species known from the UK, three species are extinct and several more are now confined to a handful of sites and have uncertain futures. The consensus is that declines in numbers of bumblebees are linked to the intensification of farming practices (Williams, 1986; Osborne and Corbet, 1994) . However, a small subset of species (6 in the UK) have proved to be at least partially immune to these changes; their ranges have not contracted, and they remain abundant and ubiquitous.
In general, it seems that those species with restricted geographic ranges also tend to be less abundant where they do occur (Williams, 1986) . At present we have no indication as to why bumblebee species differ so widely in their range, abundance, and susceptibility to environmental change. Morphologically, all species are remarkably similar, the only obvious differences being variation in size and tongue length. They have broadly similar annual life cycles (although a few species are partially bivoltine), and all depend exclusively on nectar and pollen for food. Most species do not have precise habitat requirements, so far as is known (Williams, 1986) .
The plight of our bumblebee fauna deserves particular attention because loss of bee species will have negative consequences for other wildlife. A large number of wild plants are 56 D. Goulson, B. Darvill pollinated predominantly or exclusively by bumblebees, sometimes by particular species of bumblebee Osborne et al., 1991) . Thus it seems probable that reductions in the abundance and species richness of bumblebees may lead to widespread changes in plant communities . And of course these changes will have further knock-on effects for associated herbivores and other animals dependent on plant resources.
For practical reasons, most studies of bumblebee ecology and behaviour focus on the common species, notably B. terrestris, B. lucorum, B. lapidarius, B. pratorum, B. pascuorum and B. hortorum in Europe. For most of the approximately 40 remaining European bumblebee species, we have very little information on foraging preferences, or indeed on any other aspect of their ecology. We do not know whether the behaviour and foraging preferences of the common species are representative of all bumblebees. The reverse may be true; the common species are probably common because they are atypical generalists. If this is so, then our knowledge of common species may be of little help in conserving the rare ones. Ecological studies of rare and declining species are urgently needed if appropriate conservation measures are to be deployed. Here we examine whether rarity in bumblebees is related to specialization in flowers utilized. We test the prediction that rare species tend to be more specialized in terms of the flowers that they visit. We also examine whether diet breadth and niche overlap between species relates to tongue-length.
METHODS
The study was carried out on Salisbury Plain Training Area (SPTA), southern UK, the largest area of unimproved chalk grassland that remains in north-west Europe. Its status as a military training area since 1897 has protected it from most of the farming changes that have occurred elsewhere, and much of its 38 000 ha consists of lightly grazed flower-rich grassland and scrub. As a result, it supports a diverse bumblebee assemblage, with at least 16 species present, perhaps the most that occur at any UK site (Carvell, 2002) . It thus provides an opportunity to compare the forage used by both common and rare species when foraging in the same habitat.
Studies were carried out between 19 July and 13 August 2002. This is late for some bumblebee species, but facilitated access since all live firing ceases on SPTA for two weeks in early August. Thirty five sites were selected to cover the extent of SPTA, with each site at least 1.5 km from any other. All sites lay between 51 o 06' and 51 o 20' N and 1 o 40' and 2 o 00' W, and were between 150 and 200 m altitude. Each site consisted of a circle of approximately 100 m radius, and was searched for one hour. All searches were conducted between 0900 h and 1700 h, and during warm dry weather favourable to bee activity. All Bombus species were recorded. No attempt was made to distinguish workers of B. terrestris and B. lucorum (to do so would have been very time-consuming and unreliable in the field). B. humilis and B. muscorum are indistinguishable on the wing, so all specimens of these species were captured and examined with a hand lens. Any other individuals that could not be readily identified were also captured, notably Psithyrus spp. and B. ruderarius. The area was searched systemically, to avoid recording the same bees more than once, but this probably occasionally occurred. Most bees were visiting flowers. The flower species visited was recorded, and the bee was briefly observed to determine whether it was collecting pollen or nectar. Bees were classified as nectar collectors (those not collecting pollen) or pollen collectors (those observed actively grooming pollen into their corbiculae), but it must be noted that most pollen collectors were also collecting nectar. The total number of inflorescences within the search area (the circle of 100 m radius) was estimated by eye for each forage species present.
To compare the diet breadth of the species recorded, a Simpson's index was calculated for the diversity of flowers visited (Simpson, 1949): where n i is the number of flowers of the ith species that were visited, N is the total number of flowers visited, and s is the total number of flower species visited. As is usual, results are presented as 1/D, so that larger values indicate higher diversity. This index is insensitive to sample size (Magurran, 1988) which is important because samples are inevitably larger for the more common species. Only workers were included in the calculation, and only species for which there were at least 10 records of both pollen and nectar collection. It must be noted that the combined index for B. terrestris and B. lucorum is likely to overestimate the true value for these two species, if the two species have different preferences. Spearman's rank correlations were calculated to examine relationships between total abundance (workers, queens and males combined) and diversity indices.
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Niche overlap in flower usage was calculated between species pairs for the seven most abundant bumblebee species (treating B. terrestris and B. lucorum as one), following Colwell and Futuyma (1971) . A separate measure was calculated for pollen and nectar collection.
Niche overlap between bee species i and h = where P ik = Tongue lengths were measured for ten workers of each species (length of the glossa plus prementum, following Prys-Jones and Corbet (1991)). Workers of B. terrestris and B. lucorum did not differ significantly in tongue length, so they were pooled. To examine whether niche differentiation in either nectar or pollen collection could be explained by differences in tongue length between species, the relationship between niche overlap and tongue length between each species pair was examined with a Mantel test with 10 000 runs, using Mantel V2.0, shareware, by Adam Liedhoff (Manly, 1986) .
RESULTS
In total, 13 Bombus species were recorded (1 061 individuals), visiting flowers of 33 different species. By far the most common bumblebee species was B. lapidarius, followed by the combined category of B. terrestris/lucorum (Fig. 1) . The three other species known to be widespread and abundant in the UK, B. pascuorum, B. pratorum and B. hortorum (Williams, 1985 (Williams, , 1986 were all recorded in moderate numbers. More interestingly, two rare species, B. soroeensis and B. humilis, were found to be widely distributed and moderately abundant.
For all species combined, 76.0% of pollencollecting visits were to members of the Fabaceae: notably Onobrychis viciifolia, Melilotus cf. altissimus and Trifolium pratense. The only other substantial pollen source was Odontites vernus (Scrophulariaceae), which received 11.0% of visits (Fig. 2) . Patterns of forage usage did not closely follow abundance of plant species (Fig. 3) . The species that received the most visits overall (T. pratense and O. viciifolia) were not especially abundant.
There was a correlation between the abundance of species and their diet breadth when collecting pollen (Spearman's rho = 0.929, P = 0.003, Tab. I). The two most abundant species (both in this study and nationally), B. lapidarius and B. terrestris/lucorum had the broadest diet (collecting pollen from 15 and 17 plant species, respectively). In contrast B. hortorum had the narrowest diet, specializing almost entirely on T. pratense (82.0% of visits). B. pratorum also exhibited a high degree of specialization in pollen collection, almost exclusively visiting M. cf. altissimus and O. vernus (44.7% and 50.0% of visits, respectively). B. humilis appeared to specialize in gathering pollen from the Fabaceae (92.6% of visits), but visited several species within this family.
For all species examined, Simpson's index for the diversity of flowers visited by workers was lower when collecting pollen than when collecting nectar (Tab. I) (Wilcoxon signed ranks test, z = 0.237, P = 0.018). While pollencollecting visits were mostly to Fabaceae, nectar collection occurred across a broader range of species, mostly within the Fabaceae, Asteraceae, Scrophulariaceae and Boraginaceae. Notable favourites were Centaurea scabiosa, Centaurea nigra (Asteraceae) and T. pratense. Total numbers of inflorescences recorded for the 17 plant species that received most bumblebee visits at the study sites on Salisbury Plain (summed for all 35 search areas, each a circle of 100 m radius). Species are ordered according to bumblebee visitation, with the species that were visited most on the left (as in Fig. 2 ).
There was no significant relationship between bee abundance and the diet breadth when collecting nectar (Spearman's rho = 0.429, n.s.). B. humilis showed most specificity, visiting mostly Fabaceae, particularly T. pratense and Lotus corniculatus (63.6 and 27.3% of visits, respectively). In contrast B. soroeensis visited a range of flowers, mainly within the Fabaceae and Asteraceae. Notably, by far the most polylectic species was B. pratorum which, despite not being particularly abundant, was recorded collecting nectar from 13 different flower species.
Overall, niche overlap when collecting pollen was strongly correlated with niche overlap when collecting nectar (Mantel test, g = 2.83, P < 0.05, Tab. II). There was a strong negative relationship between niche overlap and the difference in tongue length between species for pollen collection (g = -2.38, P < 0.01), but not for nectar collection (g = -0.184, ns, Fig. 4 ).
There was a significant tendency for longtongued species to have narrower diet breadth when collecting nectar, but not when collecting pollen (Spearman's rho = 0.757, P = 0.049 and rho = 0.378, ns, respectively).
Too few males were recorded of most species to compare their foraging preferences. 
DISCUSSION
Our results suggest that all of the bumblebees in the study area are largely reliant on a rather small number of plant species. Despite the floristic diversity on Salisbury plain, 65% of all flower visits by bumblebees were to just 6 plant species. In particular, pollen was collected overwhelmingly from Fabaceae (76% of visits). Some species, notably B. humilis, Brian (1951) found that pollen from T. pratense made up 74% of larval food in B. hortorum nests in Scotland, and studies in Finland, Sweden and Denmark all suggest the importance of T. pratense for this bumblebee species (Skovgaard, 1936; Teräs, 1985; Jennersten et al., 1988) . Most recently, Carvell (2002) found a strong correlation between abundance of T. pratense and abundance of both B. hortorum and B. humilis on SPTA. It is not known why Fabaceae are the preferred pollen source for bumblebees in general, nor why some bumblebees are more specific in their pollen requirements than others. There was a clear relationship between abundance and diet breadth. The more abundant species (B. terrestris/lucorum, B. lapidarius and B. pascuorum) were markedly less selective in their choice of pollen source than the rarer species in this study. It is perhaps not surprising that widespread and abundant species are more generalized. These four most abundant species all emerge from hibernation early (in March, sometimes before) and have long colony cycles of approximately 16-25 weeks (Alford, 1975; Goodwin, 1995) , so perhaps rapid larval development on high quality food is not needed. By generalizing, they gain access to a large amount of pollen. In contrast, species such as B. humilis and B. hortorum emerge from hibernation in May, and so their colonies have less time in which to develop and rear reproductives (approx. 14 weeks for B. hortorum, Goodwin, 1995) . B. pratorum, the other species that gathered pollen from a narrow range of plant species, also has shortlived colonies although it emerges from hibernation earlier (Goodwin, 1995) . The necessity for rapid colony development may force these species to provide the highest quality food for their brood.
Simpson's indices for diversity of floral resources used were consistently higher for nectar collection compared to pollen collection, across all bumblebee species, suggesting that this may be a general phenomenon. Nectar was collected from several plant families, primarily Fabaceae and Asteraceae, but also Scrophulariaceae, Boraginaceae and Lamiaceae, in accordance with previous studies (Fussell and Corbet, 1992) . Since nectar consists almost entirely of sugar and water (in varying proportions), perhaps qualitative differences in the nectar provided by different plants are slight, allowing bumblebees to opportunistically exploit whatever is available.
There are prominent discrepancies in the literature concerning the importance of interspecific competition in shaping bumblebee communities. Resource partitioning with respect to tongue length has long been thought to be an important factor in allowing North American bumblebee species with otherwise very similar biology to coexist (Heinrich, 1976; Pyke, 1982; Inouye, 1978 Inouye, , 1980 Harder, 1985; Johnson, 1986; Graham and Jones, 1996) . But studies in Europe have failed to find such clear patterns. North and Central European bumblebee communities commonly consist of six to eleven species, with considerable overlap in tongue lengths ( Ranta et al., 1980; Ranta and Vepsäläinen, 1981) . In the UK, the six bumblebee species that are abundant, widespread, and generally occur together includes four with short tongues of very similar length (B. terrestris, B. lucorum, B. lapidarius and B. pratorum) . Several studies of local assemblages of European bumblebees have failed to find any pattern in the tongue lengths of species in relation to their cooccurrence (Ranta, 1982 (Ranta, , 1983 Ranta and Tiainen, 1982; Williams, 1985 Williams, , 1988 . Our data suggest that differences in tongue length do lead to niche partitioning, particularly when collecting pollen. This is unexpected, since tongues are not used in pollen collection. However, pollen collectors often simultaneously collect nectar, which may explain this pattern. What is more surprising is that there was no significant relationship between niche overlap when collecting nectar and differences in tongue length. When collecting nectar, B. hortorum had similar floral preferences to B. pascuorum and B. humilis, despite having a tongue which is very much longer (the points on the right of Fig. 3) . The advantage of a very long tongue is presumably that it allows access to nectar in flowers with very deep corollas which other bees cannot reach. Perhaps, at the time of our study, such flowers were scarce or absent.
A notable feature of our data is that species with similar length tongues and high niche overlap in floral preferences co-occur at high densities (notably B. lapidarius, B. terrestris and B. lucorum) . This suggests that competition for floral resources is not a powerful force in these bumblebee communities, at least at this time of year.
To summarise, we demonstrate that bumblebees do vary in their degree of specialization, particularly with regard to pollen sources. This appears to correlate with abundance, with less abundant species being more specialized. Analysis of the nutritive value of pollen from different plants would be informative in determining why Fabaceae appear to be a preferred pollen source, particularly for rarer bees.
